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Abstract
We present a detailed ab-initio study of semi-classical transport in n-ZnSe using Rode’s iterative method.
Inclusion of ionized impurity, piezoelectric, acoustic deformation and polar optical phonon scattering and
their relative importance at low and room temperature for various n-ZnSe samples are discussed in depth.
We have clearly noted that inelastic polar optical phonon scattering is the most dominant scattering mech-
anism over most of the temperature region. Our results are in good agreement with the experimental data
for the mobility and conductivity obtained at different doping concentrations over a wider range of temper-
atures. Also we compare these results with the ones obtained with relaxation time approximation (RTA)
which clearly demonstrate the superiority of the iterative method over RTA.
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I. INTRODUCTION
Semi-classical transport models [1–11] are still actively employed for transport calculations
across various materials in the bulk form. Typically, they are employed to calculate the mobility,
conductivity and eventually also the thermoelectric coefficients [1–11]. Most of the prevalent
semi-classical simulation platforms employ the Boltzmann transport equation (BTE) within the
relaxation time approximation (RTA) and well known packages have been employed. The RTA
treats the relaxation time as constant or as a power law in energy and is applicable only if the
relaxation time is independent of the distribution function, which is satisfied when a scattering
mechanism is either elastic or isotropic [12]. For instance, polar optical phonon (POP) scattering
is neither elastic or isotropic and hence the RTA is inappropriate when one deals with POP
scattering. So one has to go beyond the RTA to capture POP scattering mechanism properly. This
brings a serious issue when it comes to materials which possess strong optical phonon scattering
mechanisms. Methods such as the Rode iterative method [1–3] or variational [6, 7] techniques are
often employed to properly account for POP scattering. In this paper, we use the Rode iterative
method for mobility and conductivity calculation. The objective of this work is to use ZnSe as an
example to elucidate the limitations of the RTA while presenting a calculation that is based on the
Rode iterative scheme solution of the BTE.
ZnSe is a wide band gap semiconductor, which is employed for making blue light emitting
diode and lasers. The electron mobility in n-ZnSe crystals was first analyzed in Ref. [13],
where the electron mobility was measured at several temperatures and it was shown that POP
scattering is the most dominant scattering mechanism near the room temperature region. There
have been a few more works [2, 3, 9, 14–17] which have carried out theoretical investigations on
n-ZnSe electron mobility. However, most of these calculations were based on the RTA method.
Earlier works [2, 3, 9] had also done theoretical investigations beyond RTA for n-ZnSe electron
mobility using an iterative and variational technique respectively and have shown good agreement
between theory and experiment. References [2, 3] had investigated n-ZnSe electron mobility
various scattering mechanisms over a wide temperature range with iterative technique, while Ref.
[9] had investigated the dependence on donor concentrations with variable compensation ratios
with variational technique. All of these works used parabolic or Kane model for the mobility
calculation and all the constants used were taken from the experiments.
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In the present work, the electron mobility and conductivity is investigated for n-type ZnSe at
different doping concentrations and temperatures with ab-initio inputs. For our theoretical anal-
ysis, all the parameters of band structure, density of states, wave function admixture, dielectric
constants, piezoelectric constants, polar optical phonon (POP) frequencies, and acoustic deforma-
tion potentials are calculated by using the density functional theory (DFT). In ZnSe, since POP
scattering is the dominant mechanism and is inelastic, it modulates the electron energy, and hence
a universal time constant cannot be defined, making the RTA inappropriate. We thus use the Rode
iterative method with ab-initio inputs as previously discussed in Ref. [18]. In the Rode method,
the perturbation in the distribution is obtained at low electric field, keeping only the linear term.
The perturbation in the distribution function is used to calculate the mobility. Since all the required
inputs are calculated by using DFT, only the crystal structure is given as input, it does not rely on
experimental data. So this is the first paper who calculated n-ZnSe electron mobility with abinito
band structure and inputs by using Rode method and a good agreement is obtained for different
concentrations over a wide temperature range. The same approach can be applied to other new
materials for which many constants are not determined experimentally.
In this paper, we first compare the experimental data and RTA calculation, and establish that
the RTA results underestimate the mobility by more than a fifty percent at room temperature.
In the process of presenting the results here, we also give a detailed insight about the various
contributions of different scattering mechanism in ZnSe at different temperatures and doping con-
centrations. Since all the required inputs are calculated by using density functional theory, our
code can be further extended and used for mobility calculations of new materials for which many
constants are not known experimentally.
This paper is organized as follows. In the following section, we first describe in detail the
methodology by first elaborating on the Rode scheme for solving the Boltzmann transport equa-
tion. We specifically hint at how this method scores over the RTA in capturing inelastic scattering
processes. We also detail the computational scheme of calculating various scattering rates starting
from ab-initio simulations. In Sec. III, we describe the results in detail, where we first establish
using the calculated scattering rates that the inelastic POP scattering mechanism indeed dominates
over a wide temperature range in the case of n-type ZnSe. We then describe our theoretical fits in
comparison with relevant experimental works at different carrier concentrations. In Sec. IV, we
conclude with an outlook from this work.
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II. METHODOLOGY
A. The Boltzmann Transport Equation
The Boltzmann transport equation (BTE) describes the time-evolution of the state of the charge
carriers in both real and momentum co-ordinates via a distribution function, f(r,k,t), and is given
by [12, 19, 20]
∂ f
∂ t
+v ·∇r f +
F
h¯
·∇k f =
∂ f
∂ t
∣∣∣
coll
, (1)
where v is the carrier velocity, f describes the probability distribution function of carriers in real
and momentum space as a function of time, F is the applied external force,
∂ f
∂ t
∣∣∣
coll
represents the
change in the distribution function with time due to collisions. The first term in (1) represents the
rate of change of the carrier distribution f with time. The second term represents the diffusion due
to a gradient in the carrier density and the third term represents the change in f due to all external
forces. In the presence of an electric field E, the external force F is given by eE, and the BTE then
becomes
∂ f
∂ t
+v ·∇r f +
eE
h¯
·∇k f =
∂ f
∂ t
∣∣∣
coll
, (2)
Under steady state and spatially homogeneous conditions, the above equation can be rewritten as:
eE
h¯
·∇k f =−
∫
[s(k,k′) f (1− f ′)− s(k′,k) f ′(1− f )]dk′, (3)
where e is the electronic charge, s(k,k′) represents the transition rate from a state k to a state k′.
At low electric fields, the solution to the BTE is given by the distribution function [1–3]
f (k) = f0[ε(k)]+g(k)cosθ , (4)
where f0[ε(k)] is the equilibrium distribution function, and cosθ is the angle between applied
electric field and k. Here we have neglected the higher order terms, since we are calculating
mobility under low electric field conditions. Now we have to calculate the perturbation in the
distribution function g(k) for calculating the low-field transport properties. The perturbation g(k)
is given by [1–3]
gk,i+1 =
Si(gk, i)− v(k)(
∂ f
∂ z
)− eE
h¯
(∂ f
∂k
)
So(k)+
1
τel(k)
, (5)
Where we have considered the electric field along the z-direction. The transition rate in Eq.3
can be split into two contributions: One from from inelastic (in) and other being the elastic (el)
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component respectively, i.e, s(k,k′) = s(k,k′)in + s(k,k
′)el . The expression for Si and So which
appear in Eq.5 are given by [3]
So(k) =
∫
[sin(k,k
′)(1− f ′)+ sin(k
′,k) f ′]dk′ (6)
Si(gk, i) =
∫
Xgk′,i[sin(k
′,k)(1− f )+ sin(k,k
′) f ]dk′ (7)
where X is the cosine of the angle between the initial and the final wave vectors. The elastic part
of the scattering rate is given by, 1τel
=
∫
(1−X)Sel(k,k
′)dk′.
As a initial guess take gk,0 = 0, it will give Si(gk,0) = 0. Then gk,1 is given by
gk,1 =
−v(k)(∂ f∂ z )−
eE
h¯
(∂ f∂k )
So(k)+
1
τel(k)
, (8)
The value of gk,1 is used to calculate to Si(gk,1), then Si(gk,1) is used to calculate gk,2.
gk,2 =
Si(gk,1)− v(k)(
∂ f
∂ z )−
eE
h¯
(∂ f∂k )
So(k)+
1
τel(k)
. (9)
These steps are repeated until gk,i+1 converges. This convergence is exponential [3], so normally it
requires a few iteration for convergence. Typically, five iterations are required for the perturbation
to converge for polar optical phonon scattering in ZnSe. Now, the calculated perturbation is used
to calculate mobility and Seebeck coefficient. The effect of inelastic POP scattering is included
through the terms Si(g) and So and the effect of elastic scattering is included through the relaxation
time 1
τel(k)
term. The second term in the numerator of (5) represents the thermal driving force and
the third term in the numerator represents the electrical driving force. For mobility calculations,
the thermal driving force is set to zero and only the electrical driving force is considered. 1
τel(k)
is
the sum of the momentum relaxation rates of all elastic scattering process, which is given by
1
τel(k)
=
1
τii(k)
+
1
τpz(k)
+
1
τac(k)
, (10)
where the subscripts el,ii , pz and ac are used for elastic, ionized impurity, piezoelectric and acous-
tic deformation potential scattering processes respectively. The carrier mobility µ is then given by
[1–3, 18]
µ =
1
3E
∫
v(ε)Ds(ε)g(ε)dε∫
Ds(ε) f (ε)dε
, (11)
where DS(ε) represents density of states. The carrier velocity is calculated directly from the
ab-initio band structure by using
v(k) =
1
h¯
∂ε
∂k
. (12)
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From these, we can evaluate the electrical conductivity given as
σ = neµe, (13)
where n is the electron carrier concentration, and µe is the electron mobility.
B. Computational method
The electronic structure calculations [21] are performed using first-principles methods within
the frame-work of DFT with Perdew-Burke Ernzerhof exchange correlation energy functional[22]
based on a generalized gradient approximation. We used a projector augmented wave method
as implemented in Vienna ab-initio simulation package (VASP )[23–25]. The Kohn-Sham wave
functions of the valence electrons were expanded in plane wave basis with energy cut-off of 500
eV. Ionic relaxation was performed using conjugate-gradient method, until forces were reduced
to within 0.01 eV/Angstrom. The Brillouin zone sampling was carried out using Monkhorst Pack
grid of 11x11x11 k-points. The band structure is computed along the high-symmetry k-points
in the irreducible Brillouin zone, with 100 k-points between each pair of high-symmetry points.
Computed band structure with the self-consistent density of states (DOS) is shown in the Fig.1.
Since as an input for the transport calculation within Rode’s method, only band structure for one
valley is needed, we have performed non-self consistent calculations of the band energies in a
special k-point mesh around the Γ point with 8531 k-points. Using such a dense mesh we have
obtained very accurate group velocity and effective mass.
C. Scattering Mechanisms
In this work, for calculating the mobility of ZnSe, four different types of scattering mecha-
nisms are included (i) Ionized impurity scattering, (ii) Acoustic deformation potential scattering,
(iii) Piezoelectric scattering and (iv) Polar optical phonon scattering. For ionized impurity scat-
tering, the formulation provided by the Brooks-Herring approach is used. The ionized impurity
is a significant scattering mechanism at low temperatures and high doping concentrations. The
momentum relaxation rate for this mechanism with its abinito counterpart is given by following
expression [3, 18]
1
τii(k)
=
e4N
8piε20 h¯
2k2v(k)
[D(k)ln(1+
4k2
β 2
)−B(k)], (14)
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where ε0 is the dielectric constant, h¯ is the reduced Planck constant, and β is the inverse screening
length given by
β 2 =
e2
ε0kBT
∫
Ds(ε) f (1− f )dε, (15)
where N is the concentration of ionized impurity and it is given by
N = NA +ND (16)
where NA and ND are the acceptor and donor concentrations respectively. The expressions for
D(k) and B(k) are taken from equations (91) and (92) of Ref. [3].
D(k) = 1+
2β 2c2
k2
+
3β 4c4
4k4
(17)
B(k) =
4k2/β 2
1+4k2/β 2
+8
β 2+2k2
β 2+4k2
c2+
3β 4+6β 2k2−8k4
(β 2+4k2)k2
c4 (18)
Acoustic deformation occurs due to the coupling of electrons with non-polar acoustic phonons.
The momentum relaxation rate for acoustic deformation potential scattering is given by [3, 18]
1
τac(k)
=
e2kBT E
2
Dk
2
3pi h¯2celv(k)
[3−8c2(k)+6c4(k)], (19)
where c(k) is the contribution of the p-type orbital to the wave function of the conduction band,
cel is spherically averaged elastic constant and ED is acoustic deformation potential and is given
by conduction band shift (in eV) per unit strain due to acoustic waves. For ab-initio calculations,
the wave function admixture c(k) is obtained through projecting the Kohn-Sham wavefunctions
onto the spherical harmonics which are non-zero only within spheres centering the ions and is
implemented in VASP package.
Chemical bonds in compound semiconductors such as ZnSe are partly ionic in nature. Zn atom
has a slight positive and Se atom has a slight negative charge. The magnitude of this charge is
determined by the degree of the ionic nature of the bond, and it is a fraction of electronic charge
[31]. The vibrations of atoms cause changes in the lattice constant. This perturbs the dipole
moment between the atoms that eventually scatter the electrons. The of polar scattering due to
the long-wavelength acoustic phonons is called piezoelectric scattering and the polar scattering
due to optical phonons is called polar optical phonon (POP) scattering. Piezoelectric scattering is
important at low temperatures and at low doping densities in polar materials. Since ZnSe is polar,
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it necessary to include piezoelectric scattering to get a better fit for the mobility output at low
temperature. The momentum relaxation rate for piezoelectric scattering with ab-inito parameters
as input is given by [3, 18]
1
τpz(k)
=
e2kBT P
2
6piε0h¯
2v(k)
[3−6c2(k)+4c4(k)] (20)
where P is dimensionless piezoelectric coefficient and it is given by [3]
P2 = h214ε0
[(12
cl
)+(16
ct
)]
35
(21)
where h14 is one element of piezoelectric stress tensor and cl ct are the spherically averaged elastic
constant for longitudinal and transverse modes respectively and are given by [3]
cl = (3c11+2c12+4c44)/5 (22)
ct = (c11− c12+3c44)/5 (23)
where c11, c12 and c44 are three independent elastic constants.
The POP scattering is the most dominant scattering mechanism near room temperature and in the
higher temperature regime. Since POP scattering is inelastic and anisotropic, the Rode iterative
scheme is used to directly evaluate the scattering rates so that the momentum relaxation rate is
given by [1, 3]
So = (Npo +1− f
−)λ−0 +(Npo + f
+)λ+0 (24)
λ+o = β
+[(A+)2ln |
k++ k
k+− k
| −A+cc+−aa+cc+] (25)
β+ =
e2ωpok
+
4pi h¯kv(k+)
(
1
ε∞
−
1
ε0
) (26)
A+ = aa++
(k+)2+ k2
2k+k
cc+, (27)
where the subscript plus denotes the scattering out by absorption so it is to be evaluated at an
energy ε + h¯ωpo and the subscript minus denotes scattering out by emission so that it is to be
evaluated at energy ε − h¯ωpo. If energy is less than h¯ωpo, then the emission of phonons is not
possible and hence λ−0 is to be considered to be zero, Npo is the number of phonons and is given
by
Npo =
1
exp(h¯ωpo/kBT )−1
. (28)
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The in scattering operator for POP is given by [1, 3]
Si = (Npo + f)λ
−
i g
−+(Npo +1− f)λ
+
i g
+ (29)
λ+i (k) = β
+[
(k+)2+ k2
2k+k
(A+)2ln |
k++ k
k+− k
| −(A+)2−
c2(c+)2
3
] (30)
D. Ab-initio Inputs
The computed band structure and density of states for ZnSe is shown in Fig. 1. As already
mentioned, we have calculated the band structure using the density functional theory using a three
dimensional k mesh around the conduction band minimum (CBM). The conduction band is ex-
pressed as the average energy of the electrons as a function of k from the CBM. In order to evaluate
the group velocities, we have first calculated the derivatives of the conduction band energy with
respect to k, performed an analytical fitting of the conduction band with a six degree polynomial
and divided the conduction band into four segments [18, 27] to obtain a smooth curve for both
mobility and conductivity. The Fermi level is obtained by calculating the carrier concentration
using equation (31) and matching it to the given concentration:
n =
1
V0
∫ ∞
εc
DS(ε) f (ε)dε, (31)
where DS(ε) represents density of states at energy ε , where εc represents the bottom of conduction
band and V0 represents the volume of the cell. We have calculated the low and high frequency di-
electric constants [28, 29], polar optical phonon frequencies ωpo [30], the elastic constant [31, 32]
and the piezoelectric constant by using the density functional perturbation theory as implemented
in VASP. Calculated abintio value of low and high frequency dielectric constant is 7.45 and 3.44 re-
spectively. We have obtained abinitio polar optical phonon frequency of 5.88 THz. The computed
phonon band structure with phonon density of states for ZnSe is shown in figure 2. The acous-
tic deformation potential is obtained by mimicking a uniform lattice deformation due to acoustic
phonons which results a shift of the conduction band minimum. The deformation potential is given
by
ED =−V (
∂ECBM
∂V
)|V=V0 (32)
Where ECBM is the conduction band minimum and V0 is the equilibrium volume. We have ob-
tained abinitio value of 0.574 nm of lattice constant, 1.17 eV of band gap, 12 eV of acoustic
deformation potential, 0.0392 of Piezoelectric coefficient and -0.08162 C/m2 of Piezoelectric
9
constant(e14). Calculated abinitio value of elastic constant c11, c12 and c44 are 7.99×10
10N/m2,
4.54×1010N/m2 and 3.71×1010N/m2 respectively.
Electronic correlation effects often play a major role in the carrier transport for 3d−4p systems.
An efficient approach for the inclusion of such correlation effect is multiband mean field Hubbard
model (DFT+U). Karazhanov et al. [33] used this approach to study the effect of correlation in
ZnX (X = O, S, Se, Te) and concluded that the effects of correlation in ZnO are more important
than in ZnS, ZnSe and ZnTe. The spin-orbit interaction (SOI) is another effect that we have
not included in our calculation. Usually for the semiconductors with zinc blend structures such
as ZnSe, the effect of SOI is to lift the six-fold degeneracy of the valence band edge at Γ-point.
However, since we are only interested in electronic transport (not the hole) and our formalism does
not depend on the exact position or the nature of the edge of the valence band, we have neglected
the effect of the SOI.
E. Simulation Flowchart
The flowchart for our mobility and conductivity calculations using the Rode method with the
ab-initio inputs is shown in Fig. 3. First, we have to calculate all the required inputs using the
first principles methods detailed in the previous section. Then we have to perform the analytical
fitting of the band structure, to obtain smooth curves in order to calculate the group velocities of
the carriers with k. Then the smoothed band structure is used to calculate the Fermi level using Eq.
(31). The calculations are sensitive with respect to the calculated Fermi level and hence must be
done carefully with good precision. Next we have to calculate various scattering rates for different
scattering mechanisms by using (14), (19), (20), and (24). These scattering rates are then used to
calculate the perturbation in the distribution function using (5). Now the obtained g(k) is used to
calculate the desired transport coefficients. If g(k) is obtained right after the first order iterate, it
will replicate the RTA results of the transport coefficients.
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III. RESULTS
A. Scattering Rate vs Energy
For a comparison between the different scattering mechanisms in n-ZnSe, the scattering rate
as a function of energy is plotted in Fig. 4 and Fig. 5, for different doping concentrations
ND = 1× 10
10cm−3 and ND = 1× 10
15cm−3 at temperatures 30 K and 300 K. At low dop-
ing and lower temperatures, piezoelectric scattering is considered the most dominant scattering
mechanism for low energy carriers. At a temperature of 30 K, the average energy of carriers is
3
2
kBT = 0.0038eV , and hence most of the carriers are in the low energy region. At low tempera-
tures, around the average energy of carriers, both piezoelectric and acoustic deformation potential
scattering mechanisms are approximately equal. So at lower doping and at lower temperatures,
piezoelectric scattering and acoustic deformation potential scattering are the most dominant scat-
tering mechanisms for ZnSe.
At higher doping (1×1015) for low temperatures, ionized impurity scattering is the most dom-
inant for low energy carriers. In Fig. 4 and Fig. 5 there is a sudden change in POP scattering rate
after a particular energy, which is due to the fact that if an electron energy is smaller than the POP
energy h¯ωpo = 0.024eV , then it can scatter only by the absorption of an optical phonon, but if the
energy of an electron is larger than the optical phonon energy, then it can scatter by both emis-
sion and absorption of optical phonons. At 300 K, POP scattering is the most dominant scattering
mechanism for all electron energies for both higher and lower doping making it the most impor-
tant scattering mechanism at temperatures ranging from room temperature to higher temperature.
Since all working devices operate in this temperature region, it is necessary to properly include
POP scattering for a good theoretical mobility calculation. Since RTA is not valid for inelastic
scattering mechanisms, other abinito RTA based codes such as the BoltzTrap [35] code may not
produce the desired results in the case of n-ZnSe.
B. Electron Mobility
By using the Rode iterative method based on the flowchart detailed above, the electron mobility
is calculated for three different experimentally characterized n-ZnSe samples of different doping
concentrations over a wide temperature range. The donor and acceptor concentrations for different
11
experimentally characterized n-ZnSe samples taken from different references is shown in Tab. I.
Figure 6 shows a comparison between the experimentally measured and theoretically calculated
mobility using our Rode scheme as well as the RTA method. Overall there is good agreement
between the theoretical and experimental curves when considering the Rode scheme results and
score much better than RTA results. The RTA underestimates the mobility for all samples, which
is due to POP scattering, since POP scattering is inelastic and anisotropic and hence changes the
distribution function such that a constant or simple power law form for the relaxation time cannot
be defined. The calculated mobility for sample (a), (b) and (c) using the Rode method have an av-
erage relative error of 18.44% and 21.63% and 4.08% respectively. While the mobility calculated
using the RTA have average errors of 113.46%, 55.69% and 42.77% for sample (a), (b) and (c)
respectively.
For sample (a), the Rode calculation shows an error of −15.03% and −7.27% at 200 K and
300 K respectively, while the RTA shows an error of −133.45% and −117.88% at 200 K and 300
K respectively. At lower temperatures, even RTA shows a smaller error since at lower tempera-
tures, POP scattering becomes insignificant, since the POP energy of h¯ωpo = 0.024eV is required.
Around 40 K or lower, the electrons have smaller probability of scattering by the absorption or
emission of 0.024 eV of optical phonon energy. The Rode method shows an error of −6.45% at
300 K for sample (b), while the RTA shows an error of −54.26% at 300 K with respect to the
experimental curve. For sample (c), the Rode calculation shows an error of −3.86% and −1.05%
at 200 K and 300 K respectively, while the RTA shows an error of −51.49% and −57.85% at 200
K and 300 K respectively. Therefore, all in all, the RTA results are quite inappropriate for mobility
calculations of polar materials.
Figure 7 shows the calculated conductivity with respect to the experimental one for sample (b).
Sample (b) contains shallow as well as deep donors. With the increasing temperature conduc-
tivity deceases in experimental curve, but around 230 K there is sudden change in conductivity
curve slope, this is due to ionization of deep donors. Deep donors have a doping concentration of
Ndeep = 4.5×10
15cm−3 [42] and have ionization energy of Edeep = 130meV [42]. The tempera-
ture dependent free electron concentration for the semiconductor having deep donors is given by
equation
n(n−n0)
Ndeep +n0−n
=
NC
g
exp(
−Edeep
kBT
) (33)
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where g is the degeneracy of deeper level, here g = 2 is taken for calculation and n0 is the con-
centration of the electrons activated from shallow donors in the region of their exhaustion. The
conductivity calculated by the Rode iterative method is again much better than that calculated by
using the RTA method. The calculated conductivity shows a very good qualitative and quanti-
tative agreement with respect to the experimental data. Figure 8 shows the overall mobility and
the mobility by considering only one type of scattering mechanism at a time for sample (c). The
lower mobility is most dominant in deciding the overall mobility. From this figure it is clear that
POP is the most dominant scattering mechanism, from 70 K to higher temperatures. Figures 9
and 10 show the mobility for different doping concentrations at 77 K and 300 K by assuming a
compensation ratio of unity. With increasing doping concentration, the curves show a decrease in
mobility due to an increase in the number of ionized centers.
IV. CONCLUSION
We presented an ab-inito semi-classical transport calculation for the mobility and conductivity
of n-ZnSe by using Rode iterative method in order to conclusively illustrate the role of inelastic
scattering processes. We recognized that inelastic polar optical phonon scattering is the most dom-
inant scattering mechanism over most of the temperature region. A good agreement with various
experiments was observed for different doping concentrations over a wider range of temperatures.
In comparing our results against that obtained using the relaxation time approximation method, we
clearly noted the discrepancy in explaining experimental results, thereby pointing out the need to
advance semi-classical transport calculations beyond the relaxation time approximation. Further
work will be extended p-type semiconductor and multivalley transport.
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FIG. 1: Band structure and density of states for ZnSe, Fermi level is set to zero at valence band maximum
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FIG. 2: Phonon band structure with phonon density of states for ZnSe
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FIG. 3: Flowchart for transport coefficient calculation from ab-initio inputs
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(a) 30 K (b) 300 K
FIG. 4: Scattering Rates vs Energy for ND = 1×10
10cm−3
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(a) 30 K (b) 300 K
FIG. 5: Scattering Rates vs Energy for ND = 1×10
15cm−3
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TABLE I: Doping of different experimentally fabricated n-ZnSe Samples
Sample ND −NA(cm
−3) Donor, ND(cm
−3) Acceptor, NA(cm
−3)
a [41] 1×1015 2.9×1015 1.9×1015
b [42] 1.1×1016 6×1016 4.9×1016
c [43] 6.3×1015 7.5×1015 1.2×1015
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FIG. 6: Calculated and experimental measured mobility with temperature variation for ZnSe at Different
Doping. More detail about donor and acceptor concentration is shown in table I
22
FIG. 7: Calculated and experimental measured conductivity with temperature variation for sample b
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FIG. 8: Contribution of mobility from different scattering mechanisms for Sample (c)
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FIG. 9: Calculated mobility for different doping concentration at 77 K
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FIG. 10: Calculated mobility for different doping concentration at 300 K
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